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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent dispersion in 
ignition timing of each injector by computing heat 
generation rate from pressure data in a cylinder, 
calculating ignition timing from zero cross point of the 
heat generation rate and controlling a fuel injection 
timing so that it may agree with the aimed ignition 
timing. 

SOLUTION: The data of internal pressure Pc in a 
cylinder are stored in a scope of 360° around top 
dead center in compression stroke of each cylinder 
(more than 540 and less than 180 in count value). 
The heat generation rate q in the cylinder is 
calculated from the internal pressure Pc in the 
cylinder to be detected successively based on the 

stored data, and volume in the cylinder to be computed successively and their change 
rates. Then, a zero cross point Td of the heat generation rate q is determined as an 
ignition timing for real fuel, and the fuel injection timing for injectors is controlled so that the 
ignition timing based on the following BTDC interruption signal may agree with the aimed 
ignition timing. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the engine with which the fuel injected in the gas column by the injector lights and 
bums While detecting the pressure in said gas column serially, the volume in said gas column is 
calculated serially. By injection of said fuel into said gas column, and combustion of said fuel within 
said gas column Calculate the heat rate in said gas column to change from those rate of change in 
said pressure in said gas column detected serially, and said volume list in said gas column calculated 
serially, and said heat rate determining the stage just changing from negative as a real fuel ignition 
stage The real fuel ignition stage detection approach of the engine by which it is characterized. 
[Claim 2] In the engine with which the fuel injected in the gas column by the injector lights and 
bums By injection of said fuel into a cylinder internal pressure detection means to detect serially the 
pressure in said gas column of said engine, a cylinder content volume count means to calculate the 
volume in said gas column serially, and said gas column, and combustion of said fuel within said gas 
column The heat rate in said gas column to change with said cylinder internal pressure detection 
means With said pressure in said gas column detected serially, and said cylinder content volume 
count means Real fuel ignition stage detection equipment of the engine characterized by consisting 
of a heat rate count means to calculate from those rate of change in said volume list in said gas 
column calculated serially, and the real fuel ignition stage decision means which makes the stage 
when said heat rate just changes from negative a real fuel ignition stage. 

[Claim 3] In the engine with which the fuel injected in the gas column by the injector lights and 
bums While asking for said target fuel injection timing to the operational status of said current 
engine, and said target fuel ignition stage from the target fuel injection timing beforehand decided 
based on the operational status of said engine, and a target fuel ignition stage and detecting the 
pressure in said gas column serially The volume in said gas column is calculated serially. By 
injection of said fuel into said gas column, and combustion of said fuel within said gas column 
Calculate the heat rate in said gas column to change from those rate of change in said pressure in 
said gas column detected serially, and said volume list in said gas column calculated serially, and 
said heat rate makes the stage to just change from negative a real fuel ignition stage. The fuel- 
injection-timing control approach of the engine characterized by amending said target fuel injection 
timing with the amount of fuel-injection- timing amendments which was determined and was 
calculated from the deflection of said real fuel ignition stage and said current target fuel ignition 
stage. 

[Claim 4] In the engine with which the fuel injected in the gas column by the injector lights and 
bums By injection of said fuel into a cylinder internal pressure detection means to detect serially the 
pressure in said gas column of said engine, a cylinder content volume count means to calculate the 
volume in said gas column serially, and said gas column, and combustion of said fuel within said gas 
column The heat rate in said gas column to change with said cylinder internal pressure detection 
means With said pressure in said gas column detected serially, and said cylinder content volume 
count means In said volume list in said gas column calculated serially, with those rate of change A 
heat rate count means to calculate, and said heat rate make the stage to just change from negative a 
real fuel ignition stage. With said operational status detection means from the target fuel injection 
timing beforehand decided based on a real fuel ignition stage decision means to determine, an 
operational status detection means to detect the operational status of said engine, and said 
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operational status, and a target fuel ignition stage With the amount of fuel-injection-timing 
amendments for which a target stage calculation means to compute said target fuel injection timing 
to the operational status of said detected current engine and said target fuel ignition stage, and the list 
were asked from the deflection of said real fuel ignition stage and said target fuel ignition stage The 
fuel-injection-timing control unit of the engine characterized by having a combustion fuel-injection- 
timing amendment means to amend said target fuel injection timing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine fuel-injection- timing control approach 
and its equipment at the engine real fuel ignition stage detection approach and its equipment, and a 
list. 
[0002] 

[Description of the Prior Art] If a fuel is injected to a combustion chamber with an injector, since the 
combustible gas mixture formed between ignition delays at the combustion chamber will start 
combustion at a stretch, a chamber pressure goes up quickly after an ignition delay, the gaseous 
mixture which shortens an ignition-delay period, and takes a long combustion period, or is formed 
within an ignition-delay period in order to decrease the yield of NOx, since generating of NOx 
increases so that a fuel bums rapidly and the temperature of combustion gas becomes an elevated 
temperature — it is possible to decrease an amount. However, although the amount of the gaseous 
mixture which bums in post-combustion will decrease and the yield of a smoke will decrease as 
these cures if a lot of gaseous mixture bums in early stages of combustion when 1 time of fuel oil 
consumption is fixed, the temperature of combustion becomes high and the yield of NOx increases. 
Although the yield of NOx will decrease on the other hand since the temperature of combustion is 
stopped comparatively if the gaseous mixture which bums in early stages of combustion decreases, 
the amount of the gaseous mixture which bums in post-combustion increases, and the yield of a 
smoke increases. Then, beforehand, setup and map-ization are carried out, combustion fuel injection 
timing is stored in a combustion injection control unit, at the time of operation, combustion fuel 
injection timing is determined based on this map, and the fuel from an injector is injected according 
to that determined stage so that both this condition may be taken into consideration, a suitable target 
ignition stage may be determined and actual ignition may be performed at this target ignition stage. 
[0003] As the fuel-injection- timing control approach of a diesel power plant, or its equipment, the 
rate of change of cylinder internal pressure is computed or detected, and there is a thing indicated by 
JP,59-37235,A or JP,59-145334,A to control engine combustion fuel injection timing. The fuel- 
injection-timing control approach of the diesel power plant indicated by JP,59-37235,A detects 
combustion pressure by the combustion pressure sensor attached for every gas column of a diesel 
power plant, calculates the variation of the combustion pressure per unit time amount for every gas 
column, and when the value as which the variation of the combustion pressure of one of gas columns 
was beforehand determined according to the operational status of a diesel power plant is exceeded, it 
carries out lag amendment of the fuel injection timing of the gas column concerned. By carrying out 
lag amendment of such fuel injection timing, while the change curve of the combustion pressure 
accompanying progress of whenever [ crank angle ] lowers the peak value for every gas column, it 
becomes what changes gently, and it becomes possible to reduce engine noise level. 
[0004] The fuel-injection-timing control unit of the diesel power plant indicated by JP,59-145334,A 
shown above When a piston only goes without accompanying the generating stage of the pressure 
peak at the time of combustion, and its peak value by combustion It responds to a pressure declining 
after that, if change per time amount of the pressure at the time of combustion is detected by the 
piezoelectric device and the pressure peak at the time of combustion occurs paying attention to 
changing according to an ignition stage as compared with a ********** peak, or [ advancing fuel 
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injection timing so that it may be settled within a predetermined stage if pressure variation detects 
the stage of the zero cross which changes from forward to negative, compares the stage of a zero 
cross with the stage of a compression-pressure peak and spacing of both stages separates from the 
inside of predetermined time amount ] — or control to delay is performed. 

[0005] By the way, in a multiple cylinder engine, in what is going to detect cylinder internal pressure 
and is going to control fuel injection timing, based on engine operational status, target fuel injection 
timing is decided beforehand, and it asks for target fuel injection timing corresponding to the 
operational status of a current engine, and the drive stage to an injector is controlled so that actual 
fuel injection timing turns into the target fuel injection timing. However, according to the individual 
difference of an injector prepared in each gas column, it is difficult to inject a fuel as called-for target 
fuel injection timing, and the real fuel ignition stage when a fuel is actually lit after an ignition delay 
has produced variation to the target ignition stage. The variation in this real fuel ignition stage causes 
increase of the amount of NOx contained in exhaust gas, or a smoke. When an engine is in idling 
operational status especially, since the engine speed is low, engine operational status is unstable, and 
the variation in fuel injection timing influenced the variation in a real fuel ignition stage greatly, 
consequently has had big effect also on the exhaust gas engine performance. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, since the cylinder internal pressure of an engine 
gas column results in change to cylinder internal pressure by injection of a fuel, and subsequent 
combustion as compared with the cylinder internal pressure when repeating compression and 
expansion without injection of a fuel, it stands on a standpoint that there is relation between the 
cylinder internal pressure of a gas column and a real fuel ignition stage, and makes it the technical 
problem to ask for a real fuel ignition stage from the cylinder internal pressure of a gas column. 
Moreover, if a real fuel ignition stage is called for, it is making to amend fuel injection timing into 
the technical problem so that ignition of an actual fuel may be performed at a target ignition stage. 
[0007] ^ - 

[Means for Solving the Problem] The purpose of this invention is solving the above-mentioned 
problem, and is offering the fuel- injection-timing control approach of the engine of the engine which 
amends fuel injection timing so that the target fuel ignition stage for which searched for the heat rate 
in that gas column by count, and the method of detecting a real fuel ignition stage from that heat rate 
and equipment, and a list asked from engine operational status is in agreement from engine cylinder 
content volume and cylinder internal pressure at a real fuel ignition stage, and its equipment. 
[0008] In the engine with which the fuel by which this invention was injected in the gas column with 
the injector lights and bums While detecting the pressure in said gas column serially, the volume in 
said gas column is calculated serially. By injection of said fuel into said gas column, and combustion 
of said fuel within said gas column Calculate the heat rate in said gas column to change from those 
rate of change in said pressure in said gas column detected serially, and said volume list in said gas 
column calculated serially, and said heat rate determining the stage just changing from negative as a 
real fuel ignition stage It is related with the real fuel ignition stage detection approach of the engine 
by which it is characterized. 

[0009] Moreover, this invention is set in the engine with which the fuel injected in the gas column by 
the injector lights and bums. By injection of said fuel into a cylinder internal pressure detection 
means to detect serially the pressure in said gas column of said engine, a cylinder content volume 
count means to calculate the volume in said gas column serially, and said gas column, and 
combustion of said fuel within said gas column The heat rate in said gas column to change with said 
cylinder internal pressure detection means With said pressure in said gas column detected serially, 
and said cylinder content volume count means It is related with the real fuel ignition stage detection 
equipment of the engine characterized by consisting of a heat rate count means to calculate from 
those rate of change in said volume list in said gas column calculated serially, and a real fuel ignition 
stage decision means by which said heat rate makes the stage to just change from negative a real fuel 
ignition stage. 

[0010] Moreover, this invention is set in the engine with which the fuel injected in the gas column by 
the injector lights and bums. While asking for said target fuel injection timing to the operational 
status of said current engine, and said target fuel ignition stage from the target fuel injection timing 
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beforehand decided based on the operational status of said engine, and a target fuel ignition stage 
and detecting the pressure in said gas column serially The volume in said gas column is calculated 
serially. By injection of said fuel into said gas column, and combustion of said fuel within said gas 
column Calculate the heat rate in said gas column to change from those rate of change in said 
pressure in said gas column detected serially, and said volume list in said gas column calculated 
serially, and said heat rate makes the stage to just change from negative a real fuel ignition stage. It 
determines and is related with the fuel-injection-timing control approach of the engine characterized 
by amending said target fuel injection timing with the amount of fiiel-injection- timing amendments 
calculated from the deflection of said real fuel ignition stage and said current target fuel ignition 
stage. 

[001 1] Furthermore, this invention is set in the engine with which the fuel injected in the gas column 
by the injector lights and burns. By injection of said fuel into a cylinder internal pressure detection 
means to detect serially the pressure in said gas column of said engine, a cylinder content volume 
count means to calculate the volume in said gas column serially, and said gas column, and 
combustion of said fuel within said gas column The heat rate in said gas column to change with said 
cylinder internal pressure detection means With said pressure in said gas column detected serially, 
and said cylinder content volume count means In said volume list in said gas column calculated 
serially, with those rate of change A heat rate count means to calculate, and said heat rate make the 
stage to just change from negative a real fuel ignition stage. With said operational status detection 
means from the target fuel injection timing beforehand decided based on a real fuel ignition stage 
decision means to determine, an operational status detection means to detect the operational status of 
said engine, and said operational status, and a target fuel ignition stage With the amount of fuel- 
injection- timing amendments for which a target stage calculation means to compute said target fuel 
injection timing to the operational status of said detected current engine and said target fuel ignition 
stage, and the list were asked from the deflection of said real fuel ignition stage and said target fuel 
ignition stage It is related with the fuel-injection-timing control unit of the engine characterized by 
having a combustion fuel-injection- timing amendment means to amend said target fuel injection 
timing. 

[0012] With the real fuel ignition stage detection approach of the engine by this invention, and its 
equipment, a cylinder internal pressure detection means can detect cylinder internal pressure serially, 
and cylinder content volume can be serially calculated with a cylinder content volume count means. 
Such cylinder internal pressure detected and calculated and cylinder content volume, and a list can 
be asked for the heat rate in the gas column changed with those rate of change by injection of the 
fuel into a gas column, and combustion of the fuel within a gas column by count. A heat rate can 
consider that the stage to just change from negative is a real fuel ignition stage. 
[0013] The real fuel ignition stage for which it asked with the real fuel ignition stage detection 
approach of the above-mentioned engine and its equipment was compared with the target fuel 
ignition stage beforehand decided from engine operational status, it asked for both deflection, and 
the amount of fuel-injection-timing amendments calculated from that deflection, target fuel injection 
timing amended and the last fuel injection timing has set with the amount of fuel-injection- timing 
amendments with the fuel-injection- timing control approach of the engine by this invention, and its 
equipment. By carrying out like this, fuel injection timing is amended and aggravation of the engine 
exhaust gas engine performance is prevented so that a real fuel ignition stage may be in agreement 
with a target fuel ignition stage. 
[0014] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, one example of the fuel- 
injection-timing control unit of the engine by this invention is explained. The graph with which the 
mimetic diagram and drawing 2 which show an example of the engine with which the fuel-injection- 
timing control device according [ drawing 1 ] to this invention is applied showed the situation of 
change of the cylinder internal pressure according to progress of whenever [ crank angle ], the rate of 
fuel injection, and a heat rate in the engine, and drawing 3 are graphs which show the outline of 
change of the cylinder internal pressure accompanying progress of whenever [ crank angle ], and the 
generating situation of various signals in the fuel-injection- timing control device of the engine 
shown in drawing 1 . 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_webcgi_ejje 



1/17/2006 



IP, 1 1 - 1 25 1 4 1 , A [DETAILED DESCRIPTION] 



Page 4 of 12 



[0015] The outline of an engine example in which the fuel-injection-timing control device by this 
invention is applied is shown in drawing 1 . In this example, an engine 1 is a 4-cylinder engine. The 
injectors 31, 32, 33, and 34 (3 is used when naming generically) which inject combustion, and the 
pressure sensors 41, 42, 43, and 44 (4 is used when naming generically) as a pressure detection 
means to detect the pressure (cylinder internal pressure) of a combustion chamber are formed in the 
combustion chamber (not shown) formed in a cylinder 2 four gas column #l-#4, respectively, the 
pressure sensor 4 detected — each — the signal showing the cylinder internal pressure of gas column 
#l-#4 is sent to the engine controller 7 (the fuel-injection-timing control in this invention is also 
managed) through the pressure signal processor 5. Moreover, the engine rotation sensor 6 is attached 
in the engine 1, and the signal about rotation of the engine 1 which the rotation sensor 6 detected is 
also inputted into the engine controller 7. 

[0016] Drawing 2 is the graph which showed the situation of change of the cylinder internal pressure 
Pc to whenever [ crank angle ], and the rate Rf of fuel injection in each gas column. Although 
change of the cylinder internal pressure Pc in case fuel injection is not performed carries out 
symmetrical change to the peak of the cylinder internal pressure Pc with change of thetac whenever 
[ crank angle ], if the fuel which fuel injection was performed and was injected at time of day TO is 
lit, the rise of the cylinder internal pressure Pc will become loose a little, and it will increase greatly 
with subsequent ignition. It is difficult to judge whenever [ crank angle ] correctly as a fuel ignition 
stage from this cylinder internal pressure Pc that goes abruptly up. In addition, injection control of 
the rate Rf of fuel injection is carried out so that it may have two peaks of initial injection and 
injection of Maine. 

[0017] Four graphs of the upper case of drawing 3 express change of the cylinder internal pressure 
Pc accompanying progress of whenever [ crank angle / of gas column #l-#4 ], respectively. Since an 
engine 1 is a 4-cylinder, if the gas column number n is set to #l-#4 according to the list of a train, the 
combustion sequence i will serve as order of #1 ->#3 ->#4 ->#2, as shown in Table 1. 



ITable 11 






1 


#1 


2 


#3 


3 


#4 


4 


#2 



each — when gas column #l-#4 greet like compression / explosion line one after another in above 
order, combustion is performed and a certain gas column passes like an explosion line, the following 
gas column is contained in the compression stroke. # Since the gas column of 1 is a criteria gas 
column, a gas column distinction (REF) signal is outputted at 120 degrees in front of a compression 
top dead center. Moreover, a BTDC signal is outputted at 60 degrees in front of the compression top 
dead center of each gas column. Since an engine is a four stroke cycle engine, counted value theta of 
whenever [ crank angle ] is 0 in the compression top dead center of # 1 cylinder, and takes a round of 
two rotations 719 of a crankshaft, i.e., counted value. # About a 1 cylinder, since it carries out from 
180 degrees to to 180 degrees (i.e., counted value) behind a compression top dead center in front of a 
compression top dead center, and # 1 cylinder greets like compression / explosion line when it is less 
than 1 80 or more in 540, the data of the cylinder internal pressure Pc which change a lot are stored in 
this period. Based on the stored data, MENN processing calculates in the predetermined time amount 
of 180 degrees behind a compression top dead center, and injection valve drive processing of an 
injector 31 is performed based on a next BTDC interrupt signal. 

[0018] The relation of the various kinds of sensors and an injector 3 centering on the controller 7 of 
this engine is shown in drawing 4 . Drawing 4 is the block diagram showing the outline of an engine 
fuel-injection- timing control device, and is outputting the control signal to each injector 3 in 
response to the detecting signal from the various sensors about rotation of an engine, and a cylinder 
internal pressure sensor, the gas column distinction (REF) sensor 8 which distinguishes the location 
of 120 degrees before the gas column from which the rotation sensor 6 of an engine 1 serves as 
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criteria among gas column #l-#4, for example, the top dead center of #1, — each ~ it consists of a 
sensor 10 whenever [ BTDC (before topdead center) sensor / which detects 60 degrees in front of the 
top dead center like the explosion line of gas column #l-#4 / 9, and crank angle / which detects 
whenever / crank angle / for every degree ]. In relation to the driving shaft of a fuel pump, or the cam 
shaft for an induction-exhaust valve drive, it is arranged so that the gas column distinction sensor 8 
and the BTDC sensor 9 may emit four BTDC signals and one REF signal, respectively, while a 
crankshaft rotates it two times, since an engine 1 is a four stroke cycle engine. Moreover, the 
pressure sensor 4 which detects each cylinder internal pressure Pc is faced and attached in the 
combustion chamber of each gas column, and the cylinder internal pressure Pc is detected as relative 
pressure (gage pressure) with an atmospheric pressure. 

[0019] In addition to each sensors 8-10 about rotation of the above-mentioned engine 1, in a 
controller 7, the detecting signal from a coolant temperature sensor 13 which detects the temperature 
of the fuel pressure sensor 12 which detects pressures, such as the accelerator opening sensor 1 1 and 
a common rail, and the cooling water which performs cooling of an engine 1 is inputted into a 
central processing unit (CPU) 14 as a thing showing the operational status of an engine 1. The 
detecting signal which the sensor of these various kinds detected and outputted is inputted into being 
inputted into CPU14, and parallel also at DSP (digital signalprocessor)15. DSP15 can subtract and 
add the inputted signal at high speed. 

[0020] An exchange of the data between CPU14 and DSP 15 is performed through the dual port 
memory 16 which is common RAM which can be written from both of CPU 14 and DSP15. It 
connects through the CPU bus 17 between CPU 14 and dual port memory 16, and connects through 
the DSP bus 18 between DSP 15 and dual port memory 16. The cylinder internal pressure sensors 4 
which detect the cylinder internal pressure Pc are the cylinder internal pressure sensors 41-44 formed 
respectively corresponding to gas column #l-#4. The analog signal of the cylinder internal pressure 
which the cylinder internal pressure sensors 41-44 detected is inputted into A-D converter 19, is 
changed into a digital signal, and is sent to DSP 15 through the DSP bus 18. 
[0021] the result to which CPU 14 was processed by DSP 15 about the information showing the 
operational status of the engine 1 inputted directly, and the cylinder internal pressure from the 
cylinder internal pressure sensors 41-44 from each sensors 8-13 — being based — an operation — 
carrying out — each control about fuel injection prepared respectively corresponding to gas column 
#l-#4, such as fuel injection timing of injectors 31-34 and fuel oil consumption, is performed. 
DSP 15 processes addition and subtraction of the digital signal about the cylinder internal pressure Pc 
at high speed. Since it is digital processing, the differential and the integral of the cylinder internal 
pressure Pc can also be calculated similarly at high speed. Moreover, in order that CPU 15 may 
control the discharge quantity of the fuel pump 20 of an adjustable type in order to control the 
pressure of a common rail, and it may control the amount of exhaust gas recirculation, it controls 
EGR valve 21. 

[0022] In the fuel-injection-timing control by CPU 14, target fuel injection timing is called for on the 
map beforehand defined based on the signal from the accelerator opening sensor 1 1 and the sensors 
8-10 about rotation of an engine 1. According to this invention, in consideration of an ignition delay, 
the fuel injection timing of each injectors 31-34 is amended so that the real fuel ignition stage called 
for from the cylinder internal pressure Pc which the cylinder internal pressure sensors 41-44 detected 
may be in agreement at a target fuel ignition stage. Hereafter, amendment of this fuel injection 
timing is explained. 

[0023] Processing of CPU 14 is performing Maine processing as shown in drawing 5 . Drawing 5 is a 
flow chart which shows the Maine processing of CPU in fuel-injection control of the engine shown > 
in drawing 4 . This Maine processing consists of each following step. 

(1) Initialization of CPU14 is performed (it abbreviates to step 1 and SI.). It is below the same. 

(2) Process a sensor signal (S2). The detecting signal from various kinds of sensors inputted into 
CPU 14 as shown in drawing 4 is processed. 

(3) Perform count of the fuel quantity which each injector 3 should inject, i.e., fuel oil consumption, 
based on the information acquired by signal processing performed by S2 (S3). Count of fuel oil 
consumption is performed in the characteristics-of-spray-amount map beforehand determined by 
accelerator opening and the engine speed by calculating the target fuel oil consumption Qb 
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corresponding to current accelerator opening and a current engine speed (the last fuel oil 
consumption may be calculated in the amount of amendments of the required injection quantity). 

(4) Moreover, calculate the stage when each injector 3 should inject a fuel, i.e., fuel injection timing, 
based on the information acquired by signal processing performed by S2 (S4). The target fuel 
injection timing corresponding to the injection quantity calculated by S3 in the fuel-injection- timing 
property map decided beforehand by the injection quantity and the engine speed and a current engine 
speed is called for. In count of fuel injection timing, although the last fuel injection timing Tf is 
called for based on this target fuel injection timing, about the detail of that count, it mentions later. 

(5) Calculate the pressure which injects a fuel, i.e., fuel injection pressure, so that the fuel oil 
consumption calculated by S3 can be injected at the fuel injection timing asked by S4 based on the 
information furthermore acquired by signal processing performed by S2 (S5). Control of fuel 
injection pressure is performed by asking for a target injection pressure from the injection quantity 
and an engine speed, and is performed by controlling the flow control valve of a fuel pump and still 
more specifically controlling the common-rail-pressure force. Fuel-injection control consists of 
injection-quantity control, fuel-injection- timing control, and an injection pressure force control as 
above-mentioned, and a controller 7 performs control of each injector 3 and the common-rail- 
pressure force so that a fuel may be injected from each injector 3 on each above-mentioned injection 
conditions. After CPU14 is initialized by SI, S2-S5 are performed in order to the injector 3 which 
should perform fuel injection, respectively, and above S2-S5 are repeated for every injection. 
[0024] One reference mark (loss of teeth is sufficient) is formed in the angular position 
corresponding to 120 degrees in front of the compression top dead center of criteria gas column #1, 
and when the gas column distinction sensor 8 detects this reference mark, 1 time per pumping-axes 1 
rotation of a REF signal is outputted to the rotor plate fixed to the pumping axes of a fuel pump 20, 
or the cam shaft for an induction-exhaust valve drive. The gas column distinction sensors 8 output of 
a REF signal performs REF interruption as shown in drawing 6 . Drawing 6 is a flow chart which 
shows interrupt processing when a gas column distinction signal is inputted in the Maine processing 
shown in drawing 5 . In this interrupt processing, reset processing which sets counted value CNb of 
the signal in front of a compression top dead center to 0 is performed. That is, since an engine 1 is a 
4-cylinder, the counted value CNb of the signal in front of a compression top dead center can take 
four integral values from 0 to 3. Since the rotation sensor 6 will detect a reference mark before one 
increment of counted value CNb is carried out and it is set to 4 if injection and ignition of the fuel in 
each gas column take a round from from when counted value CNb is 0, counted value CNb is reset 
by 0 (S6). 

[0025] The mark (loss of teeth is sufficient) in front of [ of four ] a top dead center is formed in the 
angular position corresponding to 60 degrees every 90 degrees in front of the compression top dead 
center of each gas column 4, and when the BTDC sensor 9 detects a mark in front of a top dead 
center, 4 times per pumping-axes 1 rotation of BTDC signals are outputted to the rotor plate fixed to 
the pumping axes of a fiiel pump 20 (see the graph shown in the middle of drawing 3 ). If a BTDC 
signal is inputted into CPU, BTDC signal interrupt processing in processing of CPU which shows to 
drawing 7 and is explained below will be performed. Drawing 7 is a flow chart which shows 
interrupt processing when a BTDC signal is inputted in the Maine processing shown in drawing 5 . 

(1) The rotational speed of an engine 1 is calculated (S10). That is, based on the time amount taken 
[ after detecting the last BTDC signal ] to detect this BTDC signal, the rotational frequency of the 
engine 1 per unit time amount is computed. 

(2) Judge whether the counted value CNb of a BTDC signal is 0 (SI 1). If counted value CNb is 0, 
fuel-injection processing (activation of the fuel injection of S2-S5, and after that) of the injector 31 
formed in the gas column (#1) of the combustion sequence i= 1 will be performed (S12). The timing 
of processing of this injector is shown in the graph of the bottom of drawing 3 . 

(3) If counted value CNb is not 0 in the judgment by SI 1, it will shift to SI 3 immediately and will 
judge whether counted value CNb is 1 (SI 3). 

(4) If counted value CNb is 1, fuel-injection processing (activation of the fuel injection of S2-S5, and 
after that) of the injector 33 formed in the gas column (#3) of i= 2 will be performed (S14). 

(5) If counted value CNb is not 1 in the judgment by SI 3, it will shift to SI 5 immediately and fuel- 
injection processing of the injector in the case of being YES will be performed in the same judgment 
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processing as the above, and judgment processing below (SI 5). 

(6) By SI 2, SI 4, or SI 5, if fuel-injection processing of which injector 3 of #l-#4 is performed, since 
it will surely be set to NO in judgments other than the judgment of the corresponding counted value 
CNb, make into the new counted value CNb what increased 1 to counted value CNb by SI 6 (SI 6), 
and end this interrupt processing. Also in this next interrupt processing, the judgment to the 
following counted value CNb serves as YES by either of the same judgments bySll,S13, orS15.If 
the sequential increment of the counted value CNb is carried out and counted value CNb is set to 3, 
before counted value CNb is set to 4, a reference mark will be detected, and counted value CNb will 
be reset by S6 0. 

[0026] Next, the Maine processing of DSP 15 is explained based on drawing 8 . Drawing 8 is a flow 
chart which shows the Maine processing of DSP in fuel-injection control of the engine shown in 
drawing 4 . 

(1) Initialize DSP (S20). 

(2) If initialization is completed, cylinder internal pressure processing will be performed (S21). 
Cylinder internal pressure processing is processing of the cylinder internal pressure data of detected 
gas column #l-#4, and is performed about gas column #l-#4 corresponding by repeating cylinder 
internal pressure data processing for every degree whenever [ crank angle ]. 

[0027] In DSP, storing in initialization of crank ** contained in the AD translation termination- 
interrupt processing and the memory of cylinder internal pressure data and processing of renewal of 
whenever [ crank angle ] are performed in the AD translation termination-interrupt processing shown 
in drawing 9 , and a list as a premise for performing processing in a cylinder shown in S21 . Drawing 
9 is a flow chart which shows interrupt processing at the time of the AD translation termination in 
the Maine processing of DSP shown in drawing 8 . Although the cylinder internal pressure of each 
gas column is changed into digital one from the analog by A-D converter 19 for every degree 
whenever [ crank angle ], AD translation termination-interrupt processing is performed whenever 
conversion by this A-D converter 19 is completed. 

(1) Read the AD translation result ADr of cylinder internal pressure (i) (S30). The AD translation 
result ADr of each cylinder internal pressure (i) is read as Pc (i) in order of [ i ] combustion (= 1-4). 

(2) Next, initialization of whenever [ crank angle ] is performed (S31). 

(3) Cylinder internal pressure data are stored in memory (S32). 

(4) Renewal of whenever [ crank angle ] is performed (S33). 
S31-S33 are explained below at a detail, respectively. 

[0028] Initialization of whenever [ in S31 / crank angle ] is explained based on the flow chart shown 
in drawing 10 . Drawing 10 is a flow chart which shows processing of initialization of whenever [ in 
interrupt processing at the time of the AD translation termination which ** to drawing 9 / crank 
angle ]. An engine is a 4-cylinder engine, and since injection and ignition of the fuel of each gas 
column take a round of two rotations of a crankshaft, a round period of whenever [ crank angle ] is 
720 by the count of a count. Counted value theta of whenever [ crank angle ] counts 1 at 1 degree. 
The counted value to 719 is taken until counted value theta of whenever [ crank angle ] sets the time 
of the gas column (#1) of the combustion sequence i= 1 taking the location of a top dead center to 0 
and injection and ignition of the fuel of a 4-cylinder take a round. 

(1) Judge whether initialization of whenever [ crank angle ] is already completed (S40). If 
initialization of whenever [ crank angle ] is completed, it will already return to the routine of an AD 
translation termination interrupt immediately. If initialization of whenever [ crank angle ] is not 
completed, a step shifts to S41 . 

(2) Judge whether the REF signal outputted to 120 degrees in front of the top dead center of a 
specific gas column (#1), i.e., the gas column of i= 1, has started (S41). If the REF signal has not 
started, a return is immediately carried out to the routine of an AD translation termination interrupt. 

(3) If the REF signal has started in S41, number-of-counts theta of whenever [ crank angle ] will be 
set as the 720 minus 120 (namely, 600) (S42). 120 is equivalent to whenever [ setting-angle / of a 
gas column distinction sensor ]. 

(4) Termination of a setup in S42 terminates initialization of whenever [ crank angle ] (S43). 
[0029] Next, the storing processing to the memory of the cylinder internal pressure data in S32 is 
explained based on the flow chart shown in drawing 1 1 . Drawing 1 1 is a flow chart which shows the 
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storing processing to the memory of the cylinder internal pressure data in interrupt processing at the 
time of the AD translation termination which ** to drawing 9 . 

(1) Judge whether number-of-counts theta of whenever [ crank angle / which was initialized ] is 540 
or more and below 720 (= 0), or it is less than 180 more than zero (= 720) (S50). If number-of- 
counts theta of whenever [ crank angle ] is not contained within the limits of this, it shifts to S57. 
Whenever [ crank angle / of the gas column (#1) of i= 1 ] is the range corresponding to less than 180 
degrees before and behind a compression top dead center, and the range of number-of-counts theta 
defined by S50 is range even like [ from a compression stroke ] an explosion line. Cylinder internal 
pressure in the meantime is important for ignition stage control, and is adopted as data. 

(2) It is judged whether number-of-counts theta of whenever [ crank angle ] is 540 (S51). If this 
number-of-counts theta is 540, since it is the starting point of the range of above-mentioned number- 
of-counts theta, number-of-counts thetac (1) is cleared whenever [ classified by gas column / crank 
angle / which is defined as the number of counts of whenever / crank angle / about the gas column of 
i= 1 ], and it is referred to as 0 (S52). It is shown that one in a parenthesis is the number of counts 
whenever [ about the gas column of i= 1 / crank angle ]. Therefore, thetac (1) takes the values from 0 
to 359. 

(3) Let cylinder internal pressure Pc about the gas column of i= 1 (1) be the cylinder internal 
pressure Pc (thetac (1), 1) at the time of number-of-counts thetac (1) whenever [ classified by gas 
column / crank angle ] (S53). 

(4) Judge whether number-of-counts thetac (1) is 359 whenever [ about the gas column of i= 1 / 
classified by gas column / crank angle ] (S54). That is, it judges whether it is the terminal point of 
the range whenever [ about the gas column of i= 1 / data collection crank angle ]. 

(5) Supposing thetac (1) is 359, since thetac (1) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 1 will already have ended it (S55). 

(6) Supposing thetac (1) is not 359, since thetac (1) has not reached to a terminal point yet, it will set 
to new thetac (1) that from which only 1 increased the number of counts of thetac (1) corresponding 
to advancing 1 degree whenever [ crank angle ] (S56). 

[0030] (7) Next, number-of-counts theta of whenever [ crank angle ] judges [ or more 0 ] whether it 
is less than 360 (S57). If number-of-counts theta of whenever [ crank angle ] is not contained within 
the limits of this, it shifts to S64. The corresponding range of whenever [ crank angle / of the gas 
column (#3) of the combustion sequence i= 2 ] is less than 180 degrees before and behind a 
compression top dead center, and the range of number-of-counts theta defined by S57 is range even 
like [ from the compression stroke ] an explosion line. Cylinder internal pressure in the meantime is 
required for ignition stage control, and it is adopted as data. Therefore, when number-of-counts theta 
of whenever [ crank angle ] is less than [ 0 or more ] 1 80, storing of the cylinder internal pressure 
data about the gas column (#1) of i= 1 and the gas column (#3) of i= 2 is performed. 

(8) It is judged whether number-of-counts theta of whenever [ crank angle ] is 0 (S58). If this 
number-of-counts theta is 0, since it is the starting point of the range of above-mentioned number-of- 
counts theta, number-of-counts thetac (2) is cleared whenever [ classified by gas column / crank 
angle / which is defined as the number of counts of whenever / crank angle / about the gas column 
(#3) of i= 2 ], and it is referred to as 0 (S59). Therefore, thetac (2) about the gas column of i= 2 takes 
the values from 0 to 359. 

(9) Let cylinder internal pressure Pc (2) about the gas column of i= 2 at the time of number-of-counts 
thetac (2) be the cylinder internal pressure Pc (thetac (2), 2) whenever [ classified by gas column / 
crank angle ] (S60). 

(10) Judge whether number-of-counts thetac (2) is 359 whenever [ about the gas column of i= 2 / 
classified by gas column / crank angle ] (S61). 

(11) Supposing thetac (2) is 359, since thetac (2) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 2 will already end it (S62). 

(12) Supposing thetac (2) is not 359, since thetac (2) has not reached to a terminal point yet, it will 
set to new thetac (2) that from which only 1 increased the number of counts of thetac (2) 
corresponding to advancing 1 degree whenever [ crank angle ] (S63). 

(13) henceforth — i= — also about that [ gas column (#4 and #2) ] of 3 and 4, carry out same 
processing and store cylinder internal pressure data in memory (S64). 
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[0031] Next, an update process of whenever [ crank angle ] is explained with reference to the flow 
chart shown in drawing 12 . Drawing 12 R> 2 is a flow chart which shows an update process of 
whenever [ in interrupt processing at the time of the AD translation termination which ** to drawing 
9 / crank angle ]. Renewal S3 3 of whenever [ crank angle ] is performed for every increment of 
thetac. 

(1) Increase one and update number-of-counts theta of whenever [ crank angle ] (S70). 

(2) Judge whether number-of-counts theta is less than 720 (S71). Since the injection about four gas 
columns and ignition have not taken a round yet with [ number-of-counts theta ] 720 [ less than ], 
interrupt processing after AD translation termination is continued. 

(3) With [ number-of-counts theta ] 720 [ or more ], reset number-of-counts theta to 0 (S72): 
[0032] Next, the detail of the cylinder internal pressure processing under Maine processing of DSP 
shown in drawing 8 (S21) is explained with reference to the flow chart shown in drawing 13 . 
Drawing 13 is a flow chart which shows the cylinder internal pressure processing in the Maine 
processing of DSP shown in drawing 8 . 

(1) Judge whether the cylinder internal pressure data storage of the gas column (#1) of the 
combustion sequence i= 1 performed in S55 of drawing 11 is completed (S80). If the cylinder 
internal pressure data storage of the gas column (#1) of i= 1 is not completed, it judges whether it 
shifted to S84 and the cylinder internal pressure data storage of the gas column (#3) of i= 2 is 
completed. 

(2) By the judgment of S80, after the cylinder internal pressure data storage of the gas column of i= 1 
is completed, perform filtering to data (S81). Since cylinder internal pressure data are changed 
sharply, they perform filtering, such as taking the moving average, remove a noise, and obtain a 
smooth cylinder internal pressure curve (refer to drawing 2 ). 

[0033] (3) Calculate a heat rate q from the obtained pressure curve (S82). A heat rate q is searched 
for as follows. First, cylinder content volume Vtheta is expressed with the following formula. 
[Equation 1] 

V0 = Vc-fTrx— -x cos0c+Jl s -|— costfcj j 

Here, for Vc, a clearance volume [m3] and S are [ connecting rod die length [m] and thetac of a 
piston stroke [m] and L ] [deg(s)] whenever [ crank angle ]. This cylinder content volume Vtheta and 
whenever [ that crank angle ], since the differential value by thetac is beforehand calculated by 
count, it is stored in memory. Moreover, whenever [ cylinder internal pressure Pc and its crank . 
angle ], a sensor detects the differential value by thetac and it is acquired by processing by DSP. 
Heat rate q=dQ/dtheta is called for by the following formula. 



Here, the upper formula is calculated on real time noting that the ratio of specific beat kappa is fixed. 

(4) Calculate the fuel ignition stage Td (1) (S83). About the detail of this count, it mentions later. 
[0034] (5) If the cylinder internal pressure data storage of the gas column (#1) of the combustion 
sequence i= 1 is not completed, judge whether the cylinder internal pressure data storage of the gas 
column (#3) of i= 2 is completed (S84). Since it is the same as that of S80-S83, each step of filtering 
after S84 (S85), count (S86) of a heat rate q, and count (S87) of the ignition stage Td (2) is skipped. 
Similarly, processing with the same said of the gas column (#4) of i= 3 and the gas column (#2) of i= 
4 is performed. In addition, processing of drawing 1 1 is in the condition with which storing of the 
cylinder internal pressure data of a part finished 10 combustion lines of each gas column as 
interruption of whenever [ crank angle ], and each step of filtering, count of a heat rate, and count of 
the ignition stage Td (i) is performed. 

[0035] Next, count of the ignition stage Td (i) is explained with reference to the flow chart shown in 
drawing 14 . Drawing 14 R> 4 is a flow chart which shows the computation of the ignition stage Td 
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in the cylinder internal pressure processing shown in drawing 13 (i). i is the combustion number 
which can take the value of 1-4, and common processing is performed to i value each. Moreover, 
thetac is the counted value of whenever [ crank angle / of compression / explosion process of each 
gas column ], and an explosion line counts whenever [ 180-degree crank angle / of the range ] to 0- 
359 before and behind a top dead center. This flow chart is performed when theta is three or more, as 
shown in S90 (S90). Suppose that the heat rate q is already searched for in S82 or S86 grade. 
Moreover, the graph of the heat rate q over counted value thetac of whenever [ crank angle / which is 
shown in drawing 16 ] is referred to. 

(1) Judge whether q (i) and (thetac-3) are negative about the combustion sequence i at that time 
(S91). 

(2) If q (i) and (thetac-3) are negative, it will judge whether q (i) when theta progresses whenever 
[ crank angle ] only in one count, and (thetac-2) are negative (S92). 

(3) If q (i) and (thetac-2) are negative, it will judge whether q (i) when only further 1 count 
progresses theta whenever [ crank angle ], and (thetac-1) are forward (S93). 

(4) If q (i) and (thetac-1) are forward, it will judge whether q (i) and (thetac) when only further 1 
count progresses theta whenever [ crank angle ] are forward (S94). 

[0036] (5) If q (i) and (thetac) are forward, the ignition stage Td (i) will presuppose that it is thetac-2 
(S95). That is, since the sign of a heat rate q is changing by the counted value of whenever [ four 
continuous crank angle ] between thetac-2 which it is at the middle time, and thetac-1 as shown in 
drawing 16 , it is considered that the ignition stage Td (i) is thetac-2. In practice, since a zero 
crossing point is between thetac-2 and thetac-1, it may interpolate and you may ask for a zero 
crossing point. Moreover, when the precision of an operation is good, a sign may just change from 
negative by two points of order, and the time may be searched for as a zero crossing point. 

(6) When q (i) and (thetac-3) are forward in S91 and q (i) and (thetac-2) are forward in S92, When q 
(i) and (thetac-1) are negative in S93, and when q (i) and (thetac) are negative in S94, let the fuel 
ignition stage Td (i) be the stage of counted value 0 whenever [ crank angle ], respectively (S96). 
That is, only when the sign of q changes between thetac-2 and thetac-1, the fuel ignition stage Td (i) 
is called for by S95, and the fuel ignition stage Td (i) is altogether set to 0 in the situation except the. 

(7) Judge whether the fuel ignition stage Td (i) is a stage of counted value 0 whenever [ 0, i.e., crank 
angle, ] (S97). 

(8) Increase theta one time as the fuel ignition stage Td (i) is 0 (S98). 

(9) Judge whether there is thetac by 360 (S99). That is, it judges whether it is the counted value of 
the last of the range which thetac can take. If the range which should still be calculated remains in 
thetac, it will return to S41 and a routine will be performed again. 

[0037] By the flow chart shown in drawing 14 , if the fuel ignition stage Td (i) can be found, the fuel 
injection timing in each injector will be corrected so that an actual fuel ignition stage may be^in 
agreement with a target fuel ignition stage. The injector 31 formed in #1 which shows the method of 
the correction to drawing 15 is taken for an example, and it explains below. Drawing 15 is a flow 
chart which shows processing of fuel-injection- timing amendment of the injector in interrupt 
processing when the BTDC signal shown in drawing 7 is inputted. 

(1) In the Maine processing of CPU shown in drawing 5 , since the target fuel injection pressure Pb, 
the target fuel oil consumption Qb, and the target fuel injection timing Tb are called for, read those 
values (SI 00). 

(2) Judge whether an engine is idle operational status (SI 01). It is called for based on the rotational 
frequency of each sensor about rotation of an engine, and the engine calculated [ especially ] from 
the BTDC sensor 9, the detection output of the accelerator opening sensor 1 1 , etc. whether an engine 
is in idle operational status. 

(3) Read the target fuel ignition stage Tr using data currently called for beforehand, such as ignition 
stage delay, (SI 02). 

(4) Calculate ignition stage deflection deltaTe by the following formula from the fuel ignition stage 
Td (1) for which it asked by S95, and the target fuel ignition stage Tr read by S102 (S103). One in a 
parenthesis expresses that it is the fuel ignition stage to a gas column (#1) and ignition stage 
deflection of the combustion sequence i= 1 . 

It asks for amount of amendments delta[ of deltaTe(l) =Td(l)-Tr (5) fuel injection timing ] theta (1) 
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by the following formula (S 1 04) . 

What was corrected based on ignition stage deflection deltaTe is set to this amount of amendments 
deltatheta (1) to amount of amendments delta[ of deltatheta(l) <-deltatheta(l)+deltaTexGtheta last 
time ] theta (1). However, Gtheta expresses gain. 

(6) Ask for the last fuel injection timing Tf (1) based on the following formula based on amount of 
amendments delta[ of this fuel injection timing for which it asked by SI 04 ] theta (1) (SI 05). 
What imposed Gain Gt on amount of amendments delta[ of this fuel injection timing ] theta (1) is 
added to Tf(l) =Tb(l)+deltatheta(l) xGt (1) Tb, i.e., target fuel injection timing, and it asks for the 
last fuel injection timing Tf (1). 

(7) Calculate the injection pulse width PW from the target fuel oil consumption Qb and the target 
fuel injection pressure Pb (SI 06). 

(8) Set fuel injection timing and injection pulse width to a driving pulse output counter (SI 07). That 
is, it determines whether the solenoid valve to an injector 3 1 is boiled when, and it is made to operate 
how much time amount in between. 

[0038] If the fuel which fuel injection was performed and was injected at time of day TO when 
drawing 2 was referred to again is lit, the rise of the cylinder internal pressure Pc will become loose a 
little, and will increase greatly with subsequent ignition. Although it was difficult to judge whenever 
[ crank angle ] correctly from this cylinder internal pressure Pc that goes abruptly up, if its attention 
is paid to a heat rate q, it can ask for a real fuel ignition stage correctly as mentioned above. That is, 
although 1 ** shows a negative heat rate by endoergic as shown in the graph of the heat rate q of the 
lower berth when a fuel is injected by the combustion chamber at the rate Rf of fuel injection shown 
in the graph of the middle of drawing 2 , it changes to a forward heat rate after that, the beginning 
when, as for the heat rate q, fuel injection was performed — some — falling (based on evaporation of 
a fuel) — it can be considered that the zero cross time of day Tl which a heat rate q changes to an 
increment and a heat rate q just changes from negative with ignition of a fuel is the fuel ignition 
stage Td. The period from time of day TO to time of day Td is equivalent to the ignition-delay period 
of a fuel. 

[0039] If the contents of the above flow chart are summarized with reference to drawing 3 , four 
graphs of the upper case of drawing 3 express change of the cylinder internal pressure Pc 
accompanying progress of whenever [ crank angle / of gas column #l-#4 ], respectively. # Greet like 
a compression explosion line one after another in order of a 1 cylinder, # 3 cylinder, # 4-cylinder, . 
and # 2 cylinder. When a certain gas column passes like an explosion line, the following gas column 
is contained in the compression stroke. # Since a 1 cylinder is a criteria gas column, a gas column 
distinction signal is outputted at 120 degrees in front of a compression top dead center. Moreover, a 
BTDC signal is outputted at 60 degrees in front of the compression top dead center of each gas 
column. Since the counted value of whenever [ crank angle ] is 0 and is a four stroke cycle engine in 
the compression top dead center of # 1 cylinder, it takes a round of the crankshaft 2 rotation 719, i.e., 
counted value. # About a 1 cylinder, carry out to 180 degrees, i.e., counted value, in front of a 
compression top dead center, it is 540 or more and carry out to 180 degrees, i.e., counted value, 
behind a compression top dead center, and when it is less than 180, store the cylinder internal 
pressure data of # 1 cylinder. Based on the stored data, MENN processing is calculated in the 
predetermined time amount of 180 degrees behind a compression top dead center, and injection 
valve drive processing of an injector 31 is performed based on a next BTDC interrupt signal. 
[0040] 

[Effect of the Invention] Since the real fuel ignition stage detection approach of the engine by this 
invention and its equipment are constituted as mentioned above, they do the following effectiveness 
so. Namely, the real fiiel ignition stage detection approach of the engine by this invention and its 
equipment In the engine with which the fuel injected in the gas column by the injector lights and 
bums While detecting the pressure in said gas column serially, the volume in said gas column is 
calculated serially. By injection of said fuel into said gas column, and combustion of said fuel within 
said gas column The heat rate in said gas column to change was calculated from those rate of change 
in said pressure in said gas column detected serially, and said volume list in said gas column 
calculated serially, and the stage when said heat rate just changes from negative is determined as the 
real fuel ignition stage. Moreover, since fuel injection timing will be amended so that ignition of an 
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actual fuel may be performed at a target ignition stage if a real fuel ignition stage is called for from 
the cylinder internal pressure of a gas column according to detection of the real fuel ignition stage of 
the above-mentioned engine and a real fuel ijgnition stage is called for even if individual difference is 
in the injector formed in each gas column with the engine fuel-injection-timing control approach and 
its equipment, it becomes possible to inject a fuel as target fuel injection timing. Since variation is 
lost at a real fuel ignition stage, it can contribute to reduction of the amount of NOx contained in 
exhaust gas, or a smoke. Although engine operational status becomes unstable since the engine speed 
is low when an engine is in idling operational status especially, according to this invention, while 
being able to double a real fuel ignition stage at a target fuel ignition stage, consequently stabilizing 
rotation of an engine by controlling fuel injection timing, the engine noise can be reduced, and 
improvement in the exhaust gas engine performance can be aimed at. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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(54) METHOD AND DEVICE FOR DETECTING IGNITION TIMING OF REAL FUEL IN ENGINE AND METHOD 
AND DEVICE FOR CONTROLUNG FUEL INJECTION TIMING IN ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent dispersion in ignition timing of 
each injector by computing heat generation rate from pressure data in a 
cylinder, calculating ignition timing from zero cross point of the heat 
generation rate and controlling a fuel injection timing so that it may 
agree with the aimed ignition timing. 

SOLUTION: The data of internal pressure Pc in a cylinder are stored in 
a scope of 360° around top dead center in compression stroke of each 
cylinder (more than 540 and less than 180 in count value). The heat 
generation rate q in the cylinder is calculated from the internal pressure 
Pc in the cylinder to be detected successively based on the stored data, 
and volume in the cylinder to be computed successively and their 
change rates. Then, a zero cross point Td of the heat generation rate q 
is determined as an ignition timing for real fuel, and the fuel injection 
timing for injectors is controlled so that the ignition timing based on the 
following BTDC interruption signal may agree with the aimed ignition 
timing. 
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